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(54) CATALYST FOR PRODUCING HYDROGEN OR SYNTHESIS GAS AND METHOD OF 
PRODUCING HYDROGEN OR SYNTHESIS GAS 

(57) This invention provides a catalyst for producing 
hydrogen gas from a mixed gas comprising dimethyl 
ether and water vapor or carbon dioxide gas. which 
comprises copper, iron, cobalt, palladium, iridium, plati- 
num, rhodium, or nickel as an active component and a 
method of producing synthesis gas or hydrogen gas in a 
high yield at a low tenrrperature. By using the catalyst 
fuel cell, electricity generation, reduction off iron ore and 
the like can be carried out. 
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Description 

Technical Field 



' ^Zl^^'^'^J'^^J^'S producing hydrogen or synthesis gas from a mixed gas containing dime- 
tnyi etner and water vapor or carbon dioxide, and a manufacturing method of hydrogen or synthesis gas using the same. 

Backaround Art 

" r^mn?^*'^ ^ composed of cartxjn monoxide and hydrogen, and has wide applications as a raw material 

rs"::;s;^~rsX^^^ 

them'ire UTc^*"^' manufacturing synthesis gas and methods of manufacturing hydrogen util^ing 

" n^L ^J^r^^^' gasification of coal. (2) steam reforming of hydrocarbon using natural oas LPQ 

dT ™ra:;^^^^^^^^^ - ^^-^ -™ Jo. nSlh^hi^: 

oZl n^^v of (1 ) has a problem that a very complex and expensive coal gasification 

or^Im t^?f^^' apParafa« becomes a large scale plant. The steam reforming of hydroca*on of (2) has a 

^ 5 . ^ endothermic reaction, and the catalyst to be used is required to have a hiah heat resist 

rl^ requmng a high temperature of 1200 to 1500 'C. the treatment of a large quantity of soot generated wift 

large quantity of carbonaceous matenal on the surface of the catalyst Hw.uonOTa 
W006] An object of the invention is to provide a catalyst and a manufacturing method capable of soMna the oroblems 
of the above prior art. and obtaining hydrogen or synthesis gas in a high yield at a low telSS«rature 

Disclosure of Invention 

3D 

nkZ\7r^lr[^n^^lfj^^^^ ^'^^ Pa"adium. iridium, platinum, rhodium and 

35 °oS8T^rm??n^.^r^^^^^ riTi^^L?"' ^""r " ^^'"P-^^*"^^ to complete the ir^enL. 
BfhTi^H ♦ ■ 'elates to a catalyst for producing hydrogen gas from a mixed gas comDrisina dimethvl 

tSn I m?f. ^"'^ component, and a method of producing hydrogen or synthesis gas which wmprisS SS- 
tacting a m«ed gas compnsing dimethyl ether and water vapor or carbon dioxide gas with the 1^^^^ 

^ Brief Description of Drai»jr^qff 
[0009] 
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Sure 2 uS^2 1 SlSf!!"" 2 ^ ' "'""""^ """^ " "='"9 ^"^^ ^^^'^^ °» t>^e invention. 

Hou e 3 e «>^tut.on o^ a solid electrolyte-type fuel cell using dimethyl ether or hydrogea 

Mrogen "^"^"^ ^^^'^^ characteristics of the solid electrolyte-type fuel cell using Simethyl ether or 

g^s-^^i'n^^rustrmertSS s?;::^isr*'°" " ^^-^-^ -^-^ - ^-^^-^ 
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1 Fuel cell 

2 Solid electroiyte-type fuel cell 

3 Air supply line 

4 Dimethyl ether supply line 

5 Water vapor supply line 

6 Reformer (reforming reactor) 
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Sintering machine exhaust gas cooler 

Heat exchanger 

Reformer 

Comtxjstor 

Compressor 

Gas turbine 

Electricity generator 

Heat recovering boiler 

Heat exchanger 

Blower 

Reformer 

Heating furnace 

Iron ore reducing furnace 



15 Best Mode for Candying Out the Invention 

[001 0] The catalyst of the invention is able to produce hydrogen gas from a mixed gas comprising dimethyl ether and 
water vapor or carbon dioxide, and comprises copper, iron, cobalt, palladium, iridium, platinum, rhodium or nickel as an 
active component 

so [0011] Among the active conponents. cobalt, palladium, iridium, platinum, rhodium and nickel produce synthesis gas 
from dimethyl ether and water vapor, and copper, cobalt and palladium produce synthesis gas from dimethyl ether and 
carbon dioxide. That is. cobalt and palladium can produce synthesis gas from both of water vapor and carbon dioxide. 
On the other hand, copper and iron produce mainly hydrogen when using water vapor. 

[001 2] The active component is incorporated in the catalyst in a form of metal or compound. Preferable copper com- 
25 pounds are copper oxides, and the copper oxides are cuprous oxide (CU2O), cupric oxide (CuO) and their mixtures. 
Preferable iron compounds are iron oxides, and the iron oxides are ferrous oxide (FeO). ferric oxide (FegOs) and their 
mixtures. Preferable cobalt compounds are cobalt oxides, and the cobalt oxides are cobaltous oxide (CoO). cobaltic 
oxide (C02O3) and their mixtures. Preferable palladium conrpounds are palladium oxides and chlorides, the palladium 
oxides are palladous oxide (PdO), palladium sesquioxide (Pd203). palladic oxide (PdOa), and their mixtures, and the 
30 palladium chlorides are palladium dichloride (PdCla). palladium tetrachloride (PdCU) and their mixtures. Preferable irid- 
ium compounds are iridium oxide and chloride, the iridium oxide is Ir02, and the iridium chloride is IrCls. Preferable plat- 
inum compounds are platinum oxides and chlorides. The platinum oxides are PtO and Pt02. and the platinum chlorides 
are PtCl2. PtCIa and RCI4. Preferable rhodium compounds are rhodium oxide and chloride. The rhodium oxide is 
Rh203, and the chloride is RhCIa, Preferable nickel conrpounds are nickel sulfides, and tiie nickel sulfides are NiS. 
35 Ni3S2 or their mixtures. 

[0013] The catalyst of the invention may be carried by a catalyst carrier. Preferable catalyst carriers are oxides, such 
as alumina, silica gel. silica • alumina, zeolite, titania. zirconia. zinc oxide, tin oxide, lanthanum oxide and cerium cxide. 
and particualrly, alumina is prefearble k3ecause of high synthesis gas yield. The content In the catalyst is, in the case of 
copper, about 1 to 50 wt %. preferably about 3 to 30 wt. %. in the case of iron, about 10 to 100 wt, %. preferably about 
40 30 to 100 wt. %, in the case of cobalt, about 1 to 30 wt. %, prefearbly about 3 to 1 5 wt. %, in the case of iridium, platinum 
and rhodium, about 0.05 to 10 wt. %, prefeably about 0.1 to 5 wt%. and in the case of nickel, about 0.5 to 30 wt.%. 
preferably about 1 to 15 wt %. When the content is out of the above range, the yield of hydrogen and synthesis gas is 
degraded. 

[001 4] The catalyst of the invention may be combined with other metals or compounds than the above metals or their 
4S compounds. Examples of the other metals and compounds are, in the case of copper catalyst, zinc, chromium, nickel, 
manganese, tin. cerium, lanthanum and their compounds. The content of the above third component is 70 wL % or less, 
particularly 50 wt. % or less, and in tiie case of incorporating, in general, at>out 1 to 30 wt. %. 

[001 5] In the case of iron catalyst, examples of the other metals and compounds are zinc, nickel, chromium, manga- 
nese, tin, cerium, lanthanum and their compounds. Among them, oxides of zinc, nickel, chromium and manganese are 

so prefen-ed. The content of the above third component is 50 wt. % or less, particularly 30 wt. % or less, and in the case 
of incorporating, in general, about 1 to 20 wt. %. In the case of cobatt catalyst, examples of the other metals and com- 
pounds are metals of nickel and iron and their connpounds- The content of the above third component is 20 wt. % or 
less, particularly 10 wt. % or less, and in the case of incorporating, in general, about 1 to 5 wt. %. 
[0016] In the case of iridium catalyst, platinum catalyst and rhodium catalyst examples of the other metals and com- 

55 pounds are metals of copper, cobalt, nickel and iron and their compounds. The content of the at>ove tiiird component is 
20 wt. % or less, particularly 10 wt. % or less, and in the case of incorporating, in general, about 1 to 5 wt. %. 
[001 7] In the case of nickel catalyst, examples of ttie other metals and compounds are metals and/or compounds of 
copper, cobalt and iron. The content of the above third component is 20 wt. % or less, particularly 10 wL % or less, and 
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in the case of incorporating, in general, about 1 to 5 wt. %. 

[001 8] The above third components may be Incorporated as a single material, or two or more types thereof may be 
mixed and incorporated. ' 

I^^^i • '* 'tP;:^®'^'® palladium catalyst is carried by a metal oxide having basicity. The metal oxide having 

basjcity^ altel. metal oxde. such as U2O. NasO. KgO. Pb^O or CssO. alkaline earth metal oxide, such as BeO. MgO 
CaO. SrO or BaO, rare earth element oxide, such as Y2O3, La^O^ or CeOs. ZnO. SnOa, ZrO,. AI2O3. TiO, and a rnlx- 

n"Jl n^I'h"'" '"'!^ ^^^^ ""T^ "^^ •'^^'"9 '"^y combined with another metal 

I s ^ ^''"^ " compound not having basicity, such as silicon carbide or acti- 

r-^^'^iT'® °^ palladium is about 0.1 to 30 wt. %. preferably 0.2 to 20 wt. % of the metal oxide hav- 

^' a "^^"^ °* P3"adium is less than about 0. 1 wt. % or more than about 30 wt. %. the yield of 

syninesis gas is degraded. * 

i^^Sn ^ "f?^ ^."^^ ^^"""9 ^^'^ ^ °* palladium which is an active component, synthesis 

"''^'"^'''9''y'®'***'*'®^'"'"9*^«P^'^°"o*'Vdroca^ ^ 
1^- *° corrbine a solid acidic compound with the palladium-carried metal oxide, and by using the 

catalyst, synth^s gas can be produced from dimethyl ether and water vapor. The catalyst is made by mixing physically 
palladium carried by the metal oxide and a compound having solid acidity. apnysicaiiy 

zinc oxide or ttie like, and particularly. sHica gel and titania are preferable because of high synthesis gas yield The pal- 
^Z^n!^^^ T!!^' ° ^° 0.1 to 20 wt of the metal oxide. vTen 

Z,^h2^ T .Pf"af '""i « 'ess than about 0.05 wt. % or more than about 30 wt. %. the yield of synthesis gas is 
degraded. To one side of the catalyst components constituting the catalyst of the invention, other metal(s) than palla- 
dium or compound(s) thereof can be combined. Examples of the other metaKs) and compound(s) are alkali metal 
oxides, such as U^O. Na^O. K^O. Rb^O and Cs^O. alkaline earth metal oxides, such as BeO, MgO. CaO SrO and feO 
Z^^^ 1^ ^ ^203 and Ce02. and mixtures of two or more of the above metal oxides TTie 

~ge^rS. ato^rs^tT"""* " '° " '"^""'"'^ '^"^ "^ °' °' incorpo«ting. 

i°„?^l vV"^ compounds having solid acidity are alumina, silica • alumina, silica • titania. zeolite, aluminum phosphate 
and the like, and alumina is particularly preferred because of high synthesis gas yield 

irSuL nlllfh^S^'^','^,^® '^J^'^'' compound having solid acidity, dimethyl ether is hydrolyzed to 

SliLT^ ^ ^"^^^'"^"^y- Produced methanol is contacted with palladium-carried metal oxide 

W^JSn^^?^^K^®^'^ decomposing the methanol (1brmula(2)). By mixing the above two types of cata- 

lysts physically, synthesis gas can be obtained in a high yield. 

CH3OCH3 + H2O -» 2CH3OH (.,) 

CH30H-*CO + 2H2 (2) 

IS pJ° P';°d"rt«" of tie above respective catalysts, general preparations of these type catalysts can be 
Sl T^^^ J'^^' ^" "^'^ ^"t- as carbonate or halide, or an organic acid salt, such as ace- 

21 .^tTrt *1 compound of the catalytic activity component metal can be used as the raw material for producing 
Hnit!? u I ""^"^ operation of the active component onto the catalyst carrier, usual techniques, such as pre- 

^ ion-exchange method, can be utilized. The catalyst composition thus produced 
sophonally sintered by a conventional method. The sintering is preferably conducted by heating at 300 to 800 -C for 1 
10 10 nours in nitrogen or air atmosphere. 

lOO&e] Moreover, the catalyst is preferably activated before subjected to the reaction, and in the case of metal catalyst 
J<S>^tSn SLU° '° ^ ♦° ^° ^ ►^yd^°9e" atmosphere. On the other hand, the previSs 

^7i1i^n K '! T "^^^^^'■y ^ "^''e catalysts. In the case of sulfides, it is preferable to treat at 300 to 600 'C 

Sdi,?XI^iI'«Se(cSSH^^^^^ 

ITJLf."^ !™u""^ ™**^' ^ ^^'"^^^ '^t*°"- be carried out according to a conventional method and 

SimSf^nt Ki° for 1 to 10 hours in an atmosphere of one of h^rogen sulfide. dimetfyiSfSe 

dimettiy^disulf de or carbon disulfide or a mixed gas of two or more of them or a mixed gasrt the aboU and hydrSoen 
A suitable mixing ratio of hydrogen and the above sulfur compound is about 1 0 05 to 1 -1 "yarogen. 
iv^L ^ "«n"tecturing a catalyst of palladium camed by a metal oxide having basicity, the basicity of the metal 
«de having basicrty ,s lost by contacted with a strongly acidic aqueous solution containing illadiuri ^^eTeuSTS 
manufarturmg of the catalyst is characterized by treating with a basic aueous solution, after palladium iscSX fte 

Wah lieS T^t^'l l^^' '^"'"'^ '"'^^ ♦^'^ synthesis'^aas can be^^^i^a 

high yield. That .s. rt b characterized that, after palladium is carried by the metal oxide having basicity, it is treated with 
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a basic aqueous solution. As the manufacture of the catalyst, a metal oxide having basicity is added to an aqueous solu- 
tion containing a metal salt of palladium, such as palladium chloride, evaporated to dryness, dried, followed by sintering. 
The sintering is preferably can-ied out by heating at 350 to 600 *C for 1 to 10 hours in nitrogen or air. Subsequently, this 
matter is teated with basic aqueous solution. As the basic aqueous solution, aqueous solutions of hydroxide or carbon- 

5 ate of alkali metal and hydroxide of alkaline earth metal can be listed. A suitable concentration the basic compound is 
about 0.5 to 20. usually about 1 to 10. The treatment is carried out by contacting the catalyst with the basic aqueous 
solution. foDowed by removing the basic aqueous solution. This treatment is preferably carried out at ordinary temper- 
ature to 80 *C for 1 to 5 hours. Besides, it is possible that after treated with basic aqueous solution, for example, a small 
amount (e.g. about 0. 1 -1 .0) of the above basic compound is carried. The catalyst is activated in the final stage of prep- 

w aratlon. and the activation Is preferably carried out by treating at 350 to 600 for 1 to 10 hours In a hydrogen atmos- 
phere. 

[0029] To the production of the palladium-earned metal oxide catalyst in the catalyst containing the palladium-can-ied 
metal oxide and the solid acidic compound, general preparations of this type catalyst can be applied. For example, an 
inorganic acid salt, such as nitrate, carbonate or halide. or an organic acid salt, such as palladium acetate or palladium 

15 oxalate, can be used as the palladium compound of the raw material for producing the catalyst. For the caaying oper- 
ation of palladium onto the metal oxide carrier, usual techniques, such as precipitation, kneading, impregnation and ion- 
exchange method, can be utilized. The catalyst composition thus produced is optionally sintered by a conventional 
method. The sintering is preferably conducted by heating at 300 to 600 for 1 to 10 hours in nitrogen or air atmos- 
phere. Subsequently, the catalyst composition is preferably treated at 300 to 600 •C for 1 to 10 hours in a hydrogen 

20 atmosphere. 

[0030] As to the mixing of the palladium-carried metal oxide and the solid acidic compound, either way may be taken, 
i.e. both components are palletized and then mixed with each other physically, or both components are pulverized, 
mixed physically and then, pelletized by compression molding. The mixing ratio of both components is not especially 
limited, but selected according to the type of each component, reaction conditions and the like. In usual, the ratio is 
25 about 1 no to 10:1 , preferably about 1 :5 to 5:1 . as a weight ratio. 

[0031] Hydrogen or synthesis gas can be obtained in a high yield by streaming a mixed gas of dimethyl ether and 
water vapor or carbon dioxide through each of the above catalyst thus prepared. 

[0032] In the invention, water vapor of cartoon dioxide is supplied together with dimethyl ether which is the raw mate- 
rial. The supply amount, in the case of water vapor, is enough to the theoretical amount or more, and in the case of pro- 

30 ducing synthesis gas. the supply amount is 1 to 20 times, preferably 1 to 10 times, molar quantity. On the other hand, 
in the case of producing hydrogen, the supplied amount is 1 to 30 times, preferably 1 to 20 times, molar quantity. Wheri 
the supply of water vapor is less than one time molar quantity, high dimethyl ether conversion rate cannot be obtained. 
The supply exceeding 20 times or 30 times is uneconomical. On the other hand, the supply amount, in the case of car- 
bon dioxide, is 0.8 to 2.0 times, preferably 0.9 to 1 .5 times, the molar quantity of dimethyl ether which is the raw material. 

35 When the supply of carbon dioxide is less than 0.8 time molar quantity, high dimethyl ether conversion rate cannot be 
obtained. Exceeding 20 times molar quantity is also undersirable because of the necessity of removing cartoon dioxide 
which remains abundanty in the produced gas. It is a matter of course that carbon dioxide is combined with water vapor. 
The raw material gas can contain other oomponent(s) than dimethyl ether and water vapor or carbon dioxide. In the 
case of using carbon dioxide, the molar ratio of Hg is raised by adding water vapor as the other component. 

40 [0033] Particularly, in the case of the catalyst using cobalt as an active component and of the catalyst of palladium 
carried by a metal oxide having basicity, water vapor and/or carbon dioxide is supplied together with dimethyl ether 
whidi is the raw material. The supply amount in the case of supplying one of water vapor or carbon dioxide is the same 
as above. On the other hand, in the case of supplying both water vapor and carbon dioxide, the total of water vapor and 
cart>on dioxide is 1 to 10 times, preferably 1 to 5 times, the molar quantity of dimethyl ether. When the total of water 

45 vapor and cartxjn dioxkle is less than one time, high dimethyl ether conversion rate cannot be obtained. Exceeding 10 
times molar quantity is also undesirable because of uneconomy and the necessity of removing carbon dioxide. 
[0034] The raw material gas may contain other component(s) than dimethyl ether and water vapor, cartx>n dioxide. It 
can contain inactive gas to the reaction, such as nitrogen. Inert gas, CO. Hg or methane as the other component (s). A 
suitable content of them is 30 vol. % or less, and exceeding the range induces a problem of decreasing reaction rate. It 

so is desirable to remove air (oxygen) as much as possible because of burning dimethyl ether, and an allowable content is 
5 % or less as air. 

[0035] The reaction temperature is. in the case of supplying dimethyl ether and water vapor to produce synthesis gas, 
200 *G or more, preferably 250 or more, particulariy preferably 300 or more, and 600 or less, preferably 500 
or less, more preferably 450 •C or less, particulariy preferably 400 «»C or less. In the case of supplying dimethyl other 
rs and cart)on dioxide to produce synthesis gas. the reaction temperatures is 200 *»C or more, preferably 250 or more, 
particularly preferably 300 **G or more, and 600 or less, preferably 500 or less, particularly preferably 450 or 
less. In the case of supplying dimethyl ether and water vapor to produce hydrogen, the reaction temperature is 150 **G 
or more, preferably 200 •C or more, particulariy preferably 250 or more, and 500 "0 or less, preferably 450 •C or 
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n^t' r f ^ ? ^ °' '^^'^'y^ """^^'^^S ^°PP^^- P'^*'""-" °^ P«"^'"'" as an active conpo- 

^ f *«:"Perat"'-e activity. In the lower reaction temperature than the above range, high dimethyl eSer 

l^^S T ^"^ °' '^^'^ '«°xide increases to decrea;e Se ySd oThSo 

?hT„^ • '^'^'^^ temperature than the above range, in the case of produc ng sChls 

5 P'°^"««>" °* hydrocarbons, mainly methane, is remarkable, and the rate of hydrogen and syrthSSlTe d?S 
"^'"J- ""desirable. In the case of producing hydrogen gas. L rateS^^^^e^^ 

<i H H ' o ''y-P^"*"'* the reaction temperature higher than the above rang^Se^se me 

rTlrlNf T^H ^^^"'"'^^•y- •'^^ ^ copper catalyst, grain gro^vth of copper which is the a?^^ S^nenri^ 
remarkable to decrease catalystic activity gradually, and therefore, undesirable. component e 

S th^«f pressure is preferably ordinary pressure to 10 kg/cm^. When the reaction pressure exceeds 10 
kg/cm^. the conversion rate of dimethyl ether decreases. wt-eeas lu 

[0037] A preferable space velocity (supply velocity m^/h of the mixed gas in the standard conditions per 1 m^ catalvstt 

l ooo t^ S'or^ ^'l P^^^^-O" °* synthesis gas. 1 .000 to 20.000 a^^^ • h. in the case of^e p SuSoThydS 

« 1 • P^^'^^'^'-'y 30.000 m3/m3.h or less. When the space velocity is great^ tiian the S 

ranTis*:n'S^" ri^'r^^' - ^ o^^'- hand, the space velocXy of smal^r^T.: tJe 

range is uneconomical, because the size of a reactor is very large. 

SSJ! J"^®'"^*^'^ apparatus may be either a fixed bed or a fluidlzed bed 

[0039] In the case of producing synthesis gas by using the catalyst of the invention, as to the cobalt catalyst the con- 

usualV Si 0 6?o 3 * ^k'° "^^ "^"^ ^° °' P^°^"'=«' ^^"^^^ Sas is about 0.5 to 4. 

20 or .eS^l'^;°0 : '"■^"^"'^ " ' " ' ^ i^^-arbons ara 

THanT^^^^^^T^!^ "^f """^^ '^""^^^ about 60 to 1 00 

/^^^^*°i°°„2L«^^^^ ^" ''^ '^^'"^ ^ y'^"^ °' about 60 to 100 %. usually about 80 to 

rOMri" A^^^ fT^^ ^ u ^ ° °' "^"^"^ °' ^"^ hydrocarbons are 10 or less, usually 5 or less 
/ sJl«<2 oL ^"^if - is about 60 to 1 00 %. usually about 70 to ^ 

=1! iTo? ^ ^ ^ y'*" °* about 60 to 95 %. usually about 70 to 95 %. As to by-products mett^ 

?0«2^ A '^"^"J' S% °^ 'a^- and hydrocartx,ns are 20 % or less, usually 10 -A or tess 

% ani P'atinuni catalyst the conversion rate of dimethyl ether is about 60 to 1 00 %. usually about 70 to 1 00 

%. and synthesis gas can be obtained In a yield of about 50 to 90 %. usually about 60 to 80 % As to bv-n^X^ ml* 

ktrii ^^d'"";" catal)^. the conversion rate of dimethyl ether is about 50 to 100 %. usually about 60 to 90 

ano!^ 1 oT^fif i?*it?""f ^ of about 50 to 90 %. usually about 60 to 80 %. ^ to by-prSTclTr^eS! 

SnJilth!fJS ^.f"^"*^^ °* palladium-carried metal oxide and solid acidic compound the conversion rate 

ar2oToVr.'Lt°?5To?fi"^^'^-^^^^^^ 

*° ^® ^® conversion rate of dimethyl ether is about 60 to 95 %, usually about 70 to 90 % 

mi!«r A ^ ^""^ hydrocarbons are 20 % or less, usually 5 % or less 

^^^0^70 to 95"?^?*^^ "''"^ «>™'a'«l°" ^ate of dimethyl ether is about 50 to 1 00 %. usu- 

HVfS^tin J«L t.!™!!^"'^^ «9as«"be°btainedinayieidof about50to100%. usually about 70 to 95 % The 

^^sr?a"%^?o7S:r:.tstreL"°"°^^ 

ln°^^J" P''^""'"^ hydrogen, as to the copper catalyst, the conversion rate of dimethyl ether is about 60 

to 9^% A^ to b'-^'r^ '° '1° ^ ^ « y'^d Of about 55 to 1 00^ Silly S 

Ir.^ by-products, methanol » 10 or less, usually 5 or less, hydrocarbons are 0.5 or less, usually 0 3 orLs 

and carbon monoxide is 10 or less, usually 5 or less. osuaiiy v.a or less. 

^^a^Mr!^^ "^arsion rate of dimethyl ether is about 80 to 100 %, usually about 90 to 100 % 

and hydrogen can be obtained in a yield of about 70 to 1 00 %. usually about 80 to 100 % As to bv-oSurts Z^r^ 

55 K c^' ^^'^''^ ^"^ ^""^^^ ^'"^ ^"^ "^'"O ^ °» *a "^artion can be used 

EeS^^L^ISa^™ 

[0051] Since fuel cell is. in principle, an energy converter corwening chemical energy of hydrogen which is fuel gas 
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directly to electric energy, a stable supply in large quantity of hydrogen is necessary. The supply in large quantity of 
hydrogen is canried out using city gas containing hydrocarbons, such as methane or natural gas, propane, butane or 
petroleum gas. naphtha, kerosene, gas oil or synthetic petroleum oil or hydrogen, as a principal component or metha- 
nol, as the raw material fuel, and reforrrung them to hydrogen and carbon dioxide gas or carbon monoxide by a reformer, 

5 as described in Japanese Patent KOKAI 7-481 01 . 

[0052] In the case of using the raw material fuel for a portable electric source of an electric car or fuel cell for electricity 
generation plant located at a far place where city gas cannot be utilized, preferable raw material fuels are liquids and 
easily liquef iable materials, such as propane, butane, naphtha, kerozene. gas oil, synthetic petroleum oil and methanol, 
in terms of transportation, storage place, safty and the like. However, in the case of using a heavy-duty hydrocarbon. 

10 such as propane, butane, naphtha, kerosene, gas oil or synthetic petroleum oil. there is a problem of decreasing reform- 
ing efficiency due to the deposition of carbon on the catalyst surface during reforming, unless setting of reformer con- 
ditions is carefully controlled. Methanol containing oxygen has no problem of carbon deposition, txit corrosion of 
reformer is a problem because of producing formic acid exhibiting strong corrosive action in the reforming process. 
[0053] On the other hand, a national project is being scheduled, wherein dimethyl ether which is clean, not containing 

15 ashes and sulfur, and excellent in handling is mass-produced cheaply from poor grade coals, and utilized for fuel. Dime- 
thyl ether is expected to be utilized for new applications, such as fuel cell, in view of transportation, storage place, safty 
and the like, and also in view of environmental protection, due to its easy liquefaction by pressuring at several atmos- 
pheric pressures. 

[0054] Heretofore, to apply dimethyl ether to fuel cell has not been reported yet. 
20 [0055] The inventors investigated whether dimethyl ether can be reformed without a problem as fuel gas by a reformer 
for reforming cortventional raw rhaterial fuels for fuel cell to fuel gases or not. 

[0056] A comparison of the composition of the reformed gas with natural gas (methane) is shown in Table 1 . 
[0057] It can be seen that dimethyl ether can be reformed to hydrogen, carbon monoxide and water vapor even using 
a conventional reformer, similar to natural gas. 
25 [0058] Accordingly, dimethyl ether can be utilized as a raw material for fuel cell without a problem. 



Table 1 



30 



Raw Material Fuel 


H2O 


H2 


CO 


Others 


Dimethyl ether 
Methane 


27.3 
29.2 


47.6 
51.1 


12.6 
9.1 


12.5 
10.6 


Unit ; vol.% 



35 

[0059] In the case of solid electrolyte-type fuel cell, it is already known that the cost of solid electrolyte-type fuel cell 
is reduced by supplying methane and water vapor as the fuel gas directly to a fuel electrode (anode) to reform in the 
cell without passing a reformer, due to its high operation temperature of about 1 ,000 'C. However, electricity generation 
is also possible without a problem tyy supplying a mixed gas containing dimethyl ether and water vapor directly as the 
40 fuel gas. 

[0060] A constitution of a fuel cell provided with a reformer is shown in Figure 1 . In the figure, 1 is a fuel cell, 3 is an 
air supply line, 4 is a dimethyl ether supply line, 5 is a water vapor supply line, and 6 is a reformer, respectively. 
[0061 ] Electricity generation can be conducted by using dimethyl ether as the raw material, supplying it to the reformer 
6 together with water vapor to be reformed to hydrogen and carbon monoxide or cart>on dioxide, and then, supplying it 
45 to the anode of the fuel cell land air which is the oxidizing agent to the cathode of the fuel cell 1 . 

[0062] A constitution of a solid electrolyte-type fuel cell is shown in Figure 2. In the figure. 2 is a solid electrolyte-type 
fuel cell. 

[0063] When a mixed gas containing dimethyl ether and vwater vapor is supplied directly to the anode of the solid elec- 
trolyte-type fuel cell 2 without passing a reformer, dimethyl ether 4 is reformed at the anode to hydrogen and cartDon 
so monoxide or cartx)n dioxide, etc. due to contacting an electrode material having catalytic action at a high temperature 
near 1 .000 °C. Accordingly, electricity generation can be conducted by supplying air which is the oxidizing agent to the 
cathode of the solid electrolyte-type fuel cell 2. 

[0064] It is no problem that the mixed gas containing dimethyl ether and water vapor contains inactive gas. such as 
argon. 

55 [0065] Electricity can be generated by reforming dimethyl ether using the catalyst of the invention to produce synthe- 
sis gas or hydrogen gas. and using the gas as the fuel for engine. 

[0066] Heretofore, some methods of generating electricity using dimethyl ether are known. 

[0067] For example. Japanese Patent KOKAI 2-9833 and 3-52835 disclose electricity, generation methods of produc- 
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10 



15 



LlJi^'^mnl °* "^'T^f ^^^^^^ *° "S'"9 them in an integrated 

gasification complex cycle electriaty generation plant at the peak of natural gas electricity gen^tion 

[0068] On the other hand, an electricity generation method using methanol reformed gas is known. The method is of 
obteining the syrrthesis gas or hydrogen gas used as a fuelfbr electricity generation by reforming or «S^"g^h 

K reforming electricity generation method, a method of caitureting (increasing heat) is also oro- 

' ? K ^^^T^"'* °' *^ combustion e,chau?g^fo? flJ^efofmTng Tr 

m^^^:^ -^"^^ "^'^ 62-132701 disSose^ a heat re^erirj 

medium-heating furnace for supplying heat necessary for reaction proceeding and heating raw material^i to e«^ 
'=^^'^"9 «PP^^"S producing synthesis gas from methanol T^i^ ^ *° ^ 

s no i^r'!!^^n generation method disclosed in Japanese Patent KOKAI 2-9833 and 3-58835 there 
IS no description concerning concrete electricity generation method at all 

l^2^!l^°'^°^^Lr reforming electricity generation method, the electricity generation efficiency is 

ZTS ^ "^f^ f "«-«««'"9 heat) using waste heat of the exhaust gas of tu*ines Z efec^rSTg^nSS o^ 
S^h r f ^-^^ °' '=^^'=""9 °* -^^^^ri^' Howe^^er. the heat quSy^^eSi 



CH3OH+ HgO^COg + SHg-II.Skcal/mol ^Ij 

CH3OH ^ CO + 2H2 -21.7 kcal/mol (2) 

S problems of careful handling and the like, because methanol has toxicity. 

S«n^^ "u °* °^'"'"9 °r hydrogen gas by reforming dimethyl ether which 

fo^T^ tJ ""^^^ ^" 9eneration method ushig the gas as fSJengJ^ 

S . T*^?.'^ ^" ^'^'"^'^ generation method using dimethyl ether reformed gis which conpris« TSnq 
folS L ^ produce synthesis gas or hydrogen gas by adding water vapor or carbJn dioxide gLTdimXTrer 
followed by catehwna and using the gas as a fuel for engine, and uses an electricity generation apparati comDrSina 
S^Th'^**^ a catalyst for reacting dimethyl ether wrth water vapor or ca*c^ dio^^gLTpiSSuceTyre 

■ ^ ^ combustion exhaust gas generated in the combustor 

EmJL fsiTlniTd'i^^^ *° '^^^ ^"^'^ of endothermic reaction is great as shown in 

m!thL^ ^ ^" ^«»rdingly. it is possible to recover waste heat 1 .5 to 2.5 times as much as the conventional 
methanol refomiing reaction, and heat quantity upon burning the reformed gas increases by the reSver^ h^t qln 

CH3OCH3 + H2O-»2CO + 4H2-48.9kcalMT0l (3) 
CH3OCH3 + 3H2O ^ 2CO2 + 6H2 -29.3 kcal/mol (4) 
GH3OCH3 + CO2 -* 3CO + 3H2 -58.8kcalAnol ^s) 

^^^^B^J^a^TJr^fffr^'l^^ '^""^ ^ calorffic value of 15.580 kcal/Nm3 is refomied by 
^Tn^T^t ^ f ^ " ^ ^ ^y"^^^ 9as consisting of 2 Nm3 caibon monoxide and 4 Nm^ hydrogen is 
^r^JT. Sross calorrfc value of the synthesis gas is 18.240 kcal. and the increase of heat quantity is 26^^ 
ITh I ^ k '^''^ '"'^'^^^^ ""^^^ °* by the gross calorific v3ueTdi^Me«S' 

ll^T^ ^ ' "^""'^'^ 1 7.1 %. On the other hand, in the methanol rSbmiing rea^S ^enTS^^ ^th: 
5. SSisTi ^^nJTl nS"' - 3-acKed. for example, according to the forr^Ia^s" as^ - 

? ?• • '""^^^^ °^ "^"^^ "The rate of heat quantity increase fthe 

increase of heat quantity is divided by the gross calorific value of dimethyl ether, and multiplied by S)T^SiS 

JJ'ZLS-*'® °^ invention, it is preferable to give the reaction heat necessary for reforrrtng dimethyl ether 

^e«2?Zt p '^"^^"^^^^ at 200 to 500 generated in a iron manufalring fa^; or aTeSSi^ 

generaton plant Forexample. by using the serisible heat of the exhaust gas ofacooler generated inas^^^^ 



25 



30 



35 



40 



45 



BNSOCXJID: <EP 0978314A1J_> 



8 



EP 0 978 314 A1 



of an iron manufacturing factory, or by utilizing the exhaust gas of gas turbines in an electricity generation plant, an 
increase of the calorific value corresponding to the heat quantity of the reforming can be promised in the produced 
reformed gas. Furthermore, the reforming of dimethyl ether proceeds at a temperature of 200 to 500 by the presence 
of the above catalyst, and is suitable for the recovery of medium, low temperature waste heat. 

5 [0079] The reformed gas of dimethyl ether is gaseous fuel comprising mainly hydrogen or hydrogen and carbon mon- 
oxide, and is used as a fuel for an engine for electricity generation, such as gas turbine. As the method of combustion, 
the low temperature combi^tion. such as catalytic combustion and dilute gas combustion, is also possible as well as 
normal combustion, and in this case, the retardation of nitrogen oxides generation can be expected. 
[0080] The combustion conditions may be similar to the conventional conditions using LNG or LPG. 

10 [0081] Iron ore and recovered scrap iron can be reduced by using synthesis gas or hydrogen gas obtained by reform- 
ing dimethyl ether using the catalyst of the invention. 

[0082] Heretofore, in the method of manufacturing reduced iron by reducing iron ore, some methods of producing syn- 
thesis gas or hydrogen gas which is a reducing gas are known. 

[0083] For example, there are (1) gasification of coal, (2) steam reforming of hydrocarbon using natural gas, LPG. 
75 naphtha or the like as the raw material, (3) partial oxidation of hydrocarbon using natural gas, LPG. naphtha, heavy- 
duty oil or the like as the raw material, and so on. 

[0084] However, the above coal gasification of (1 ) has a problem that a very complex and expensive coal gasification 
oven is necessary, and the apparatus becomes a large scale plant. The steam reforming of hydrocarbon of (2) has a 
problem that a special reforming oven is necessary because of requiring a high tenrperature of 700 to 1 200 *C for reac- 

20 tion proceeding due to its great endothermic reaction, and the catalyst to be used is required to have a high heat resist- 
ance. The partial oxidation of hydrocarbon of (3) has a problem that a special partial oxidation oven is necessary 
because of requiring a high tenperature of 1200 to 1500 '»C. the treatment of a large quantity of soot generated with 
reaction proceeding is a problem, and in the case of using a catalyst, the catalyst is deteriorated by the deposition of a 
large quantity of carbonaceous material on the surface of the catalyst. 

25 [0085] The inventors devised a method of producing synthesis gas or hydrogen gas by reforming dimethyl ether using 
the catalyst of the invention, and a method of reducing iron ore and recovered scrap iron using the gas. 
[0086] The above method includes a method of manufacturing reduced iron which comprises reforming dimethyl ether 
to produce synthesis gas or hydrogen gas by adding water vapor or carbon dioxide gas to dimethyl ether followed by 
catalyzing, and reducing iron ore or recovered scrap iron, a method of manufacturing reduced iron as described above 

30 wherein the refbnning of dimethyl ether Is earned out using an exhaust gas containing water vapor and carbon dioxide 
gas generated by reducing iron ore or recovered scrap iron, and a method of manufacturing reduced iron as described 
above wherein the sensible heat of an exhaust gas generated by reducing iron ore or recovered scrap iron for heating 
the reforming of dimethyl ether, and uses an apparatus for manufacturing reduced iron which comprises a reformer 
packed with a catalyst for reacting dimethyl ether with water vapor or carbon dioxide gas to produce synthesis gas or 

35 hydrogen gas, reducing furnace charged with iron ore or recovered scrap iron, wherein they are connected so as to sup- 
ply the synthesis gas or hydrogen gas produced in the reformer to the reducing furnace. 

[0087] As to the reducing furnace of iron ore or recovered scrap iron, the type is not especially limited, and any known 

type of shaft type furnace. Win type furnace, fluidized bed type furnace or rotary kiln type furnace is usable. 

[0088] The reducing conditions may be similar to the conventional method, at a temperature of about 800 to 1,000 

40 "C, at a pressure of about 1 to 10 atrriospheric pressures, for a period of about 2 to 8 hours. 

[0089] In the invention, it is preferable to use the water vapor and carbon dioxide gas contained in the exhaust gas 
generated by reducing iron ore for a part or the whole of the water vapor or carbon dioxide. The composition of the 
exhaust gas is about 0 to 5 vol, % of water vapor, about 0 to 5 vol. % of cartjon dioxide gas. about 0 to 5 vol. % of nitro- 
gen and about 0 to 1 vol. % of oxygen, and the temperature of the medium, low temperature exhaust gas is about 300 

45 to 500 ''C at the exit of the reducing furnace. 

gyampies 

Examples 1-4 ' 

so 

[0090] An aqueous solution of 91 g cupric nitrate (Cu(N03)2 • SHgO), 73 g zinc nitrate (Zt\{N0^2 * ^HgO) and 368 g 
aluminum nitrate (A1(N03)3 • SHgO) dissolved in about 2 I demineralized water and an aqueous solution of about 250 g 
sodium carbonate (Na2C03) dissolved in about 2 I demineralized water were introduced dropwise into a stainless steel 
container containing about 5 I demineralized water kept at about 80 *C for about 2 hours, while adjusting the pH to 8.0 
55 ± 0.5. After the introduction, maturing was carried out for about 1 hour with leaving as it is. While, the pH was adjusted 
to 8.0 ± 0.5 by adding dropwise about 1 mol/l nitric add aqueous sotluion or about 1 mol/l sodium cartx)nate aqueous 
sotluion. Subsequently, produced precipitates were filtered, and washed with demineralized water until nitrate ion was 
not detected in the washed solution. The cake thus obtained was dried at 120 •C for 24 hours, and sintered at 350 
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forS hours in air. Furthermore, the sintered matter was sieved to collect 20 to 40 mesh factions to obtain the object cat- 
[0091] The composition of the obtained catalyst was CuOinOiAlsOg = 3050:50 (weight ratio). 
Example S-g 

[0093] The composition of the obtained catalyst was CuOrCrgOgiAlgOa = 3020:50 (weight ratio). 
Reaction Maw^fff* 



on P'^:"'^ ^"l"""* *® catalyst was packed in a stainless steel reaction tube having an inside diam- 

STograpS' ^"^ ""'^''^ "^'^^ "^^^ ^"^^ °P«^ations were analyzed by gas chro- 

Reaction Con^iti.;>n^ and Eyppri mental Resul^ 

[0096] The reaction conditions and experimental results are shown in Tables 2 and 3. 



20 



Svnth^^tc rj.. y;^.H fo/^) - ^ producing rate ^ Hg producing rate) 
25 Dimethyl ether supply rate x 1 00 

Hydrocarbon yield (%) = ^ x Hy drocarbon produdng rate] 

Dimethyl ether supply rate ^ 

30 n: number of carbon atorrs 

[0097] All units of each rate are [mol/g-cat • h] 

35 



40 



45 
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Table 2 





Ebcample 1 


Exanipic2 | £^Gainplc3 I Examide4 


Catalyst (Weight ratio) 


CuO-ZnO-AiiOa (30 : 20 : 


50) 


nditions 


Temperature ("C) 


250 


300 


350 


oUU 


COj /Dimethyl Ether 
(Molar Ratio) 


1 


1 


1 


o 


o 

a 


Space Velocity ( h *) 


5000 


5000 


5000 


3000 


c 
o 


DME Conversion Rate 

{%) 


74.8 


78.2 


83.1 


85.5 


if Reac 


Yield 


Synthesis Gas 


74.1 


76.0 


79.8 


85.1 


o 
3 


(%) 


Hydrocarbon s 


0.7 


2.2 


3.7 


0.4 


v> 

V 

a: 


Ha/CX) in Synthesis Caas 
(Molar Ratio) 


0.98 


0.92 


0.86 


0.72 



Table 3 





EbGampleS 


E2xanmle6 


&canm]e7 1 EbcampkS 


Catalyst (Weight ratio) 


CuO-ZnO-AI^Og (30 : 20 : 


50) 


CO 

C 


Temperature (*C) 


250 


300 


350 


300 


nditi( 


CO, /Dimethyl Ether 
(Molar Ratio) 


1 


1 


1 


2 


o 
O 


Space Velocity ( h ''^\ 


5000 


5000 


5000 


3000 


c 
o 


DME Conversion Rate 

(%) 


69.3 


73.5 


77.4 


80.7 


f Reac 


Yield 


Synthesis Gas 


69.0 


72.1 


75.6 


80.6 


ults 0 


{%) 


Hydrocarbons 


0.3 


1.4 


1.8 


0.1 


09 
U 

K 


H2/CO in Synthesis Gas 
(Molar Ratio) 


0.99 


0.95 


0.91 


0.89 



DME: Dimethyl ether 
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Examples 9-11 

[0098] An aqueous solution of 91 g cupric nitrate (Cu(N03)2 ' SHgO). 39 g nickel nitrate (Ni(N03)2 • 6H2O). 37 g zinc 
nitrate (2n(N03)2 ; 6H2O) and 368 g aluminum nitrate (AI(N03)3 ' SHgO) dissolved in about 2 1 demineralized water and 
5 an aqueous solution of about 200 g sodium hydroxide dissolved in about 2 1 demineralized water were introduced drop- 
wise into a stainless steel container containing about 5 I demineralized water kept at about 60 'C for about 1 hours 
while adjustng the pH to 8.0 ± 0.5. After the introduction, maturing was carried out for about 1 hour with leaving as it is' 
While, the pH was adjusted to 8.0 ± 0.5 by adding dropwise about 1 mol/l nitric acid aqueous sotluion or aboi^ 1 mol/i 
,n s°^'"'"»!y*°»de aqueous sotluion. Subsequently, produced precipitates were filtered, and washed with demineralized 
w water until nitrate on was not detected in the washed solution. The cake thus obtained was dried at 120 »C for 24 hours 

f«"l^ ^ ^"""^ the sintered matter was sieved to collect 20 to 40 mesh faction^ 

TO oDtain the object catalyst. 

[0099] The composition of the ol>tained catalyst was CuOrNIOZnOiAlgOs = 30:10:10:50 (weight ratio). 
15 Example 12 

lrr?^n ^^ ?u ""^^ ^'^^f'^ according to the same method as Examples 9-11, except that 53 g chromium nitrate 
(CrCNOa) 2 • SHgO) was used instead of nickel nitrate. 

[0101] The composition of the obtained catalyst was CuOrCrgOgiZnOiAlgOa = 30:10:10:50 (weight ratio). 
Example 13 



20 



En t u'^n.''^^ ^'^^'^ ^^'"^ ^ ^ BxBwp\es 9-1 1 . except that 33 g manganese nitrate 

(Mn(N03)2 • 6H2O) was used instead of nickel nitrate. 

2S 10103] The composition of the obtained catalyst was CuO:MnO2:ZnO:Al2O3=30:10:10:50 (weight ratio). 
Example 14 

3D 'tS'S ^'^'^ ^"^"^ *° ""^"^ Examples 9-1 1 . except that 53 g chromium nitrate 

30 (Cr(N03) 2 • 3H2O) was used instead of zinc nitrate in Example 1 3. 

[0105] The composition of the obtained catalyst was CuOrCraOaiMnOgiAlaOs = 30:10:10:50 (weight ratio). 
Reaction Methnri 

^ l?Ir°3 on!^"^ ""TT °^ *® ^® "^^^^^ P^*^ « ^''^^ steel reaction tube having an inside diam- 
eter of 20 mm. A prescribed amount of dimethyl ether and water vapor were supplied to the reaction tube, and the reac- 
tion was carried out at a prescribed temperature. o.«MuiBr«wt, 

^107] -me reaction products and unreacted materials obtained by the above operations were analyzed by gas chro- 
maioyrc^Dny. 



40 



45 



Reaction Conditions an^ Experimental Rf^g^ iifg 

[01 08] The reaction concfitions and experimental results are shown in Tables 4 and 5. 

Hydrogen yield (%) = "^^^^(^2 producing rate-2xCQ producing rate)+1/4 CO producing rate 

Dimethvf othor ci innlw ra«A X 1 00 



Dimethyl ether supply rate 

Methanol yield (%) = 1/2xMethanol producing rate 
so ' \ / Dimethyl ether supply rate 

CO yield (%) - !/'^^fQP^"g'"g''ate 

^ ' Dimethyl ether supply rate 

55 [01 09] All units of each rate are [mol/g-cat • h] 
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Table 4 





El9canq>Ie9 


Example 10 


Eb{aii:^)Je 11 


Catalyst (Weight ratio) 


CuO-aiO-AlaQa 
(30:10:10:50) 


CuO-ZnO-AlaQ, 
(30:10:10:50) 


CuO-ZnO-AljOs 
(30:10:10:50) 


C 

rs 


Temperature 


200 


250 


300 


nditi( 


CO 2 /Dimethyl Ether 
(Molar Ratio] 


10 


10 




o 

a 


Space Velocity {h 'J 


15000 


15000 


15000 


c 
o 


DME Conversion Rate 


83.3 


. 98.1 


100 


O 
05 




Hydrogen 


79.2 


92.0 


88.5 


o 

CO 


Yield 


Methanol 


2.5 


3.8 


6.2 


CO 


(%) 


Hydrocarbon s 


0.1 


0.1 


0.3 


a: 




CO 


1.5 


2.2 


4.9 


Table 5 




Bxanqde 12 


ExanqdelS 


E^snqjle 14 


Catalyst (Weight ratio) 


CuO-ZnO-AtiQ» 
(30:10:10:50) 


CuOZnO-AlaQ, 
(30:10:10:50) 


CuO-ZnO-AlaQ, 
(30:10:10:50) 


BO 

c 


Temperatiu-c (tJ) 


250 


250 


250 


nditi( 


CO2 /Dimethyl Ether 
(Molar Ratio) 


10 


10 


10 


o 

u 


Space Velocity (h**) 


15000 


15000 


15000 


:tion 


DME Conversion Rate 

(%) 


94.3 


92.2 


91.8 


w 

as 
U 




Hydrogen 


86.4 


85.1 


84.6 


O 

CO 


Yield 


Methanol 


4.3 


4.1 


3.8 


■4-t 

3 

09 


(%) 


Hydrocarbons 


0.1 


0.1 


0.1 






CO 


3.5 


2.9 


3.3 
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Examples i.'^-i? 



10 



IS 



[."aluminum S^Ta^^'S' ?" ^^0,), • SH^O). 79 g chromium nitrate (CrCNOa)^ • 3H,0) and 37 

I J^^^l^^^^t'-^'tV^^^'''^ ' ' '^^'^'"^^"-ed water and an aqueous solSon of'about 1 80 
g s«xl urn hydroxide dissolved m about 2 1 demineralized water were introduced dropwise into a stainless steel container 

the infroduction. matunng was earned out tor about 1 hour with leaving as it is. While the dH was adiusted to 8 0 + n 

■rX ^^^'^ ?!? ^'^^^ washed with demineralized water until nitrate ion was not deti«l 

Tfu^t^TT" !^^^'^ ' 2° tor 24 hours, and sintered at 350 4 for 5 

roi 11 1 f r^lf ' "'^^ *° ^"^'^ 20 to 40 mesh factions to obtain the object catS^ 
10111] The composrtion ot the obtained catalyst was Fe203:Cr203:Ai2Q3 = 80:15:5 (weight ratio). 

Example ia-pn 



[0113] The composition of the obtained catalyst was Cu02nO:Al203 = 80:15:5 (weight ratio). 
20 Reaction Mt»thy < 

^^^"^^ *e ^o^e catalyst was packed in a stainless steel reaction tube having an inside diam- 

mltcSrapIS' ^'"^""^ ^""^ ^'^^^^"^ °P^^**°"^ ^^'^ ^"^'V-ed by gas chro- 

PeagtlPn Conditlnns and Fypfiri nental Rpsulf ^ 
30 [0116] The reartion conditions and experimental results are shown In T^^^ 
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Table 6 





Ebample 15 


Exanqjle 16 


[ Eixample 17 


Catalyst (Weight ratio) 


FcjOa-CrjOa-AlaOa 
(80:15:51 


nditions 


Temperature ("C) 


30O 


350 


400 


CO J / Dimethyl Ether 
(Molar Ratio) 


10 


10 


10 


o 
O 


Space Velocity (h"') 


25000 


25000 


25000 


Reaction 


DME Conversion Rate 

(%) 


93.7 


100 


100 




Hydrogen 


91.9 


95.8 


93.6 


o 

CO 


Yield 


Methanol 


0.1 


0.1 


0.2 


*— • 
V3 


(%) 


Hydrocarbons 


0.2 


0.9 


1.9 


0£, 




CO 


1.5 


3.2 


4.3 



Table 7 





ETcanqde 18 


Exan^ 19 


Exanmle20 


Catalyst (Weight ratio) 


FeaOa-ZnO-AlaO, 
(80:15:5) 


CO 

G 


Temperature [X,) 


300 


350 


400 


nditic 


CO 2 /Dimethyl Ether 
(Molar Ratio) 


10 


10 


10 


o 
O 


Space Velocity (h -*) 


25000 


25000 


25000 


Xion 


DME Conversion Rate 

(%) 


89.1 


100 


100 


a: 




Hydrogen 


87.6 


94.0 


92.1 


o 

cn 


Yield 


Methanol 


0.1 


0.1 


0.1 


suit! 


(%) 


Hydrocarbons 


0.1 


1.3 


l.l 






CO 


1.3 


4.6 


6.7 
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Examples 21 -28 

Sl'o ' ^"^"^ r ''^'^ "* demineralized water, and furthermore. 

^a!i£ZZ ^S'^^J^^^^ ^^h' "1? ' ^"^""^ e^PO^ating to dryness. TTie matte 

cr:^ S)r.?,;f3 h's oSth^e 

[01 1 8] The composition of the obtained catalyst was Co:Al203=1 0:90 (weight ratio). 
Reaction Met|if^ 

Ltlr Son^fT^""^ arnountof the above catalyst was packed in a stainless steel reaction tube having an inside diam- 

t!2. tub. 3 tCi^'^*^ °* ^ ^ ^"^'^^ dioxide were su^Sl to the ra- 

tion tube, and the reaction was canied out at a prescribed tenperature 

SrapS^ ^"^ "'^^ ^ ^^^^ "y gas chro- 

Reaction Conditions and Fy perimental RftsnltR 

10121] The reaction conditions and experimental results are shown in Tables 8 and 9. 

CO, yield (%) = ;^^CQ3producingrate 

2 Dimethyl either supply rate ^ 

55 [0122] All units of each rate are [mol/g-cat • h] 
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Table 8 









^^iri-i ■ILL l-l-L 

c<?canq3ie 


Ebcamp1e23 


Ebcaztq3K24 


dons 


Temperature (*C) 


250 


300 


350 


400 


Zondl 


HaO/Dimethyl Ether 
(Molar Ratio) 


4 


*T 




4 


c 

.2 

o 


CO ^/DiiD^thyi Ether 
(Molar Ratio) 


0 


0 


0 


0 




Space Velocity (h'') 


8000 


8000 


8000 


8000 


a 
2 


DME Conversion Rate 
{%1 


93.8 


100 


100 


100 


u 


Yiel 


SynttiesLS Gas 


84.6 


91.8 


92.0 


88.8 




d 


Methanol 


0.3 


0.3 


0.5 


0.9 


O 

00 


(%) 


Hydrocarbons 


0.4 


1.1 


3.1 


6.5 


"3 

GO 




8.5 


6.8 


4.4 


3.6 


a: 


H2/OO in Synthesis Gas 
(Molar Ratio) 


2.63 


2.45 


2.36 


2.22 


Tabic 9 




Exaii^25 


Bxaniide26 


Bxan3ple27 


E^sainp!e28 


Lions 


Temperature ("C) 


300 


400 


500 


350 


:tion Gondii 


H^O/Dimethyi Ether 
(Molar Ratio) 


0 


0 


0 


2 


OOj/Dimethyi Ether 
(Molar Ratio) 


1 


1 


1 


0.5 




Space Velocity (h-*) 


5000 


5000 


5000 


5000 


C 
o 


DME Conversion Rate 


83.7 


100 


100 


96.8 


o 
cd 


Yield 


Synthesis Gas 


80.1 


88.4 


84.1 


90.4 




Methanol 


0 


0 


0 


0.6 


o 

00 


{%) 


Hydrocarbons 


3.6 


8.9 


15.9 


2.5 


oo 












3-3 




H2/OO in Synthesis Gas 
(Molar Ratio) 


0.96 


0.88 


0.61 


1.53 
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Examples 29.an 



40 



45 



SO 



SLw nnH i"l ^ ^""^ ^ 9 palladium chloride (PdCy were dissolved in about 500 ml demineralized 

5 S to drJn^ (9"««ntej reagen,. Kanto Kagaku) was put in the aqueous solution, follow^ by 

Subse^erv^. mL7 ^'^ °^ ^"^ ^-^^^^^ 500 -C for 3 hS. 

.^oli^ this matter was put .n an aqueous solution of 10 g sodium hydroxide dissolved in about 1 000 ml dem 

Sec^sf a" si^t ;s*S£Sh''' "'*i'r"^ ' ^ ^ until fhSLe?n :Lsrot 

l,TT^'ir^^l'^>.V ^ "^"rthermore, this matter was graded lo 20 to 40 mesh by compression mold- 

,„ at 500 'C for 3 hours to obtain the catalyst mpessionmoia 

TO 10124] The composition of the obtained catalyst was Pd:ZuO=5:100 (weight ratio). 

Examples 31 . 3? 

irteS reia^?'iS.S^ 'f^ "^"2"^ '° ^""^ ^"^'^ 29. SO.' except that cerium oxide (guar- 

anieea reagent Kanto Kagaku) was used instead of zinc oxide. 

[01 26] The composition of the obtained catalyst was Pd:Ce02=5:1 00 (weight ratio). 
Examples a.?,^ 

ISt!!^a„H inn^'^^'°[''' ^''^ ^ palladium chloride (PdCy were dissolved in about 500 ml demineralized 

^s "^e Zf.T 2". Nikki Kagaku) was put in the aqueous solution, followed by e^Sng Jd^ 

th^ mli!r Z ^* 2^ ^ ^^"^ ^""^'^ air at 500 'C for 3 hours Subsiuen7y 

^tter^aiSLj to^S to^J "* "'P^'^*^ ""^"^ Furthermore, this 

S^TdSS compression molding, and treated in hydrogen current at 500 -C for 3 hours to 

[0128] The composition of the obtained catalyst was Pd:Na2O:Al2O3=5:0.4:100 (weight ratio). 
Examples ?5.36 

SLh inn^^'^r^'°'i':,.f,^'^ ^"'^ 9 palladium chloride (PdCy were dissolved in about 500 ml demineralized 
water, and 100 g silica gel ("ID". Fuji Davidson Kagaku) was put in the aqueous solution followed ev^^na odr« 

^ !!Sf^ f ^ » cashed, followed by drying. Furthermore about 80 o of 

^ ^ 7^ ^""J" ^ ^''"^"^ °^ 9 dissolved in at^ut 200 n3 drrSfn;^^!^^ 

and evaporated to dryness, followed by drying. Furthermore, this matter was graded to S) to 4?^™^ b^S^S 
molchng. and treated m hydrogen current at 500 'C for 3 houre to obtain the catalyst " ^ ^ compress«n 
[0130] The composition of the obtained catalyst was Pd:CaO:SiO2=5:5:100 (weight ratio). 
Reaction Mafhyi 

Ser^i^o''L^?ri^r^!)i'^°'*^r?r'^^'^'*^'^^ 

^^r^'ZL'l^jr-^XT^^^^ u^iedfothereac- 

™t^cSUS' °P«««°"« analyzed by gas chro- 

Reaction Conditions and g»porirT ien1al Resiilty 
[0133] The reaction concBtions and experimental results are shown in Tables 10 and 1 1. 
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Table 10 





Example 29 


ExanqjleSO 


Exan^deSl |Example32 


c 


Catalyst (weight ratio) 


Pd-ZnO (5:100) 


Pd-CeOa (5:100) 


1 Reaction Conditions 


Temperature (*C) 
^ . 


300 


350 




oov 


H20/Diineth3d Ettier 
(Molar Ratio) 




u 


5 


0 


COa/Dimethyi Ether 
(Molar Ratio) 


0 


1 


0 


1 


Space Velocity (h ') 


12000 


7000 


12000 


7000 


1 Results of Reaction 


DME Convosioti Rate (%) 


99.7 


89.4 


91.4 


90.2 


Yield 
(%) 


Synthesis Gas 


93.6 


87.2 


83.4 


87.6 


Methanol 


0.2 


0 


0.3 


0 


Hydrocarbons 


2.8 


2.2 


3.3 


2.6 


CO:, 


3.1 




4.4 




Ha/CO in Synthesis Gas 
(Molar Ratio) 


2.46 


0.95 


2.20 


0.84 


Table 11 




BKait]ple33 


Eraiii^34 


Exaxn|]]e35 Example 36 


Catalyst (weight ratio) 


Pd-NaaO-AlaOa 
(5:0.4:100) 


Pd-CaO-SiOa 
(5:5:100) 


Lction Conditions 


Temperature fC) 


300 


350 


300 


350 


H^O/Dimcthyi Ether 
(Molar Ratio) 


5 


0 


5 


0 


COg/Dimethyi Ether 
(Molar Ratio) 


0 


1 


0 


1 


« 
& 


Space Velocity (h*) 


12000 


7000 


12000 


7000 


d 
o 


DME Ctonvcraiori Rate (%) 


88.9 


84.9 


95.1 


73.8 


ilts of React 


Yield 

{%) 


Synthesis Gas 


79.5 


83.7 


86.1 


72.1 


Methanol 


0.1 


0 


0. 1 


0.1 


Hydrocarbons 


4.1 


1.2 


5.1 


1.7 




5.2 




3.8 




0} 
4) 


H2/CO in Synthesis Gas 
(Molar Ratio) 


2.38 


0.88 


2.51 


0.89 
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Examples 37 - 42 



l^Urlll't^Z I II'^^ ^""^'^^ dissolved in about 300 ml demineralized water, and furthermore, 99.5 g y 
- alum na AIO-4 . Shokubai Gakkai) was put in the aqueous solution, followed by evaporating to dryness The matter 

ITno "l^; ^° 500 'C for 3 hour in air. SubseqSntly. it w^s tr^S in h^7ii 

current at 500 'C for 3 hours to obtain the catalyst. «t». ueaiea in nyarogen 

[01 35] The composition of the obtained catalyst was Ir: Al2O3=0.5:99.5 (weight ratio). 



Reacfaon Methi yl 



Kf2 pn^min^T"'^ °* ""^^ *" ^ ^eel reaction tube having an insidediam- 

tTonwafc^rhedo^T^^ ^^^^^^ 

lion was carried out at a presaibed temperature. 

15 SraphJ^ ^'"^""^ ^""^ unreacted materials obtained by the above operations were analyzed by gas chro- 

Reaction Conditions and Fy perimental Rftsulte 

[01381 The reaction conditions and experimental results are shown in Tables 12 and 13 
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Table 12 





Example 37 


Ekaiiqfe38 


Ebcample39 


Catalyst (weight ratio) 


Ir-AlaOa 
(0.5:99.51 


CO 

C 


Temperature ("C) 


350 


400 


450 


inditic 


HaO/Dunethyl Ether 
fMolar Ratio) 


1 


1 


1 


U 


Space Velocity (h *) 


10000 


10000 


10000 


c 


DME Conversian Rate (%) 


18.7 


40.2 


98.7 


eacti( 




Ssoithcsis Gas 


4.7 


14.5 


73.0 


o 

en 


Yield 


Methanol 


14.0 


13.7 


2.9 


esult 


(%) 


Hydrocarbon s 


0 


12.1 


22.8 






CO2 


0 


0 


0 


Table 13 




E^eample40 


Example 41 


Exazz]fde42 


Catalyst (weight ratio) 


Ir-AlaOa 
(0.5:99.51 


0) 

C 


Temperature pC) 


450 


450 


450 


^nditic 


HjO/Dimethji Ether 
(Molar Ratio) 


3 


5 


10 


u 


Space Velocity ( h 


10000 


10000 


10000 


c 


DME Convosaon Rate (%) 


98.0 


97.3 


99-5 


cacti( 




Synthesis Gas 


83.2 


89.5 


95.6 


a: 

o 

n 


Yield 


Methanol 


1.1 


0.3 


0.2 


esult 


(%) 


Hydrocarbons 


13.7 


7.5 


3.7 






CO2 


0 


0 


0 
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Examples 43-4^ 



inL ferth^r™ oo? T"^^ ^^^'^ "^^^"^ ^ 300 ml 10 wt. % hydrochloric acid aqueous solution 
.n^t^^vn^ ?^?nt«' -^'"T'i"'''-0-4". Shokubai Gakkai) was put in the aqueous solution, followed by evaportt^ 
ing to dryne^ The matter was dned in air at 120 'C for 24 hours, and sintered at 500 for 3 hour in air SubseoTenSv 
It was treated ,n hydrogen current at 500 -C for 3 hours to obtain the catalyst Subsequently. 
[0140] The composition of the obtained catalyst was R:Al2O3=0.5:99.5 (weight ratio). 



Reaction Meth^ vi 



e^VJ 20r^Tn^ °^ ''^^'^^ ""^^ '^'^^ ^ ^'"'^^ ^ »«ving an inside diam- 

S^°caTed^':i?fp~^^ 

15 Sit*4'rap!J' '"'^"'^ ^"^ ""'^""^ *^ ^''"'^ ^^'y^^d by gas chro- 

Reaction Conditions and Fy perimentgl R« »g^iite 

10143] The reaction conditions and experimental results are shown in Tables 14 and 1 5. 
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Table 14 





Example 43 


E3can5de44 


Bxamptlc45 


c 


:atalyst (weight ratio) 


Pt-AlaOa 
f0.5:99.51 


c 

1*1 


Temperature ("C) 


300 


350 


400 


)nditi< 


HjO/Dimethyi Etiier 
{Molar Ratio) 


1 


1 


1 


o 


Space Velocity ( h ') 


10000 


10000 


10000 


c 

o 


OME Convtzscsi Rate (%) 


21.6 


40.2 


98.0 


!eacti( 




Synthesis Gas 


7.1 


19.3 


52.9 


O 

CO 


Yield 


Methanol 


9.3 


11.7 


45.1 


esult 


{%) 


Hydrocarbons 


2.2 


12.5 


0 








3.0 


0 


0 


Tabic 15 






Esample47 


Example 46 


Catalyst {weight ratio) 


Pt-ALjOa 
f0.5:99.5) 


09 

e; 


Temperature pC) 


400 


400 


400 


»nditic 


HaO/IDimethyi Ether 
fMolar Ratio) 


3 


5 


10 


o 


Space Velocity ( h 


10000 


10000 


10000 


s 


DME Coovcnsiaa Rate (%) 


96.6 


95.9 


97.6 


:eacti< 




Synthesis Gas 


74.1 


79.4 


83.6 


OS 

o 

SI 


Yield 


Methanol 


18.7 


11.4 


4.3 


[esult 


(%) 


Hydrocarbon s 


0 


0 


0 






CO, 


3.8 


5.1 


9.7 
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Examples 49-54 

[0144] 1 40 g rhodium nitrate (Rh(N03)3) vras dissolved in about 300 ml demineratized water, and furthermore 99 5 
g Y- alumina ( ALO-4 . Shokubai Gakkai) was put in the aqueous solution, followed by evaporating to dryness The mat- 
ter was dned .n a.r at 1 20 -C for 24 hours, and sintered at 500 -C for 3 hour in air Subsequently i?was tS In hX 
gen cun-ent at 500 'C for 3 hours to obtain the catalyst. osequeraiy. was treated in hydro- 

[0145] The composition of the obtained catalyst was Rh:Al2O3=0.5:99.5 (weight ratio). 
Reaction M^h^ ri 



itlr'^^ pn^'^^^^ °* *® "^^^^^ was packed in a stainless steel reaction tube having an insidediam- 

the riSon r^!!.^^ °* ^'"'^'^^ supplied to the ruction tui a^ 

the reaction was carried out at a prescribed tenperature. iui«.ana 

15 SrapS^ ^"^""^ ^"^ unreacted materials obtained by the above operations were analyzed by gas chro- 

Reaction conrlitir.ns and Eyp erimental Rbs^ iIis 

[0148] The reaction conditions and experimental results are shown in Tables 16 and 17 
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Table 16 



£ 




Example 49 


E^canqdeSO 


BxampteSl 




Catalyst (weight ratio) 


Rh-AlaOa 
(0,5:99.51 


10 


^nditions 


Temperature fC) 


350 


400 


450 




HaO/Dimetl^ Ether 
(Molar Ratio) 


I 


1 


1 


IS 


o 


Space Velocity ( h ') 


10000 


10000 


10000 


c 


DME Concversian Rate (%) 


19.1 


65.3 


89.7 




eactic 




Synthesis Gas 


7.4 


40.5 


65.5 


20 


%-» 
o 

01 


Yield 


Methanol 


11.7 


7,2 


1.8 




esult 


(%) 


Hydrocarbons 


0 


17.6 


22.4 


25 






COj 


0 


0 


0 










Table 17 






30 




Example 52 


Exaiiq}Ie53 


Ebcaizqile54 




Catalyst (weight ratio) 


Rh-AlaOa 
{0.5:99.SJ 


35 


editions 


Temperature ("C) 


400 


400 


400 




HaO/Dimethji Ether 
(Molar Ratio) 


3 


5 


10 


40 




Space Velocity (h ') 


10000 


10000 


10000 




c 


DME Convcrsicxi Rate (%) 


72.1 


88.6 


90.9 


45 


eacti( 




Synthesis Oas 


57.0 


76.5 


78.7 




«^ 
o 

en 


Yield 


Methanol 


3.1 


1.3 


0.5 


SO 


esultj 


(%). 


Hydrocarbons 


10,5 


7.0 


2.8 




DC 




CO, 


1.5 


3.8 


8,9 



ss 
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Examples 55-56 

Lnlf u°^33 ^ P^"^^'""' '^''o^'de (PdCIs) was dissolved in 5 ml h)«Jrochloric add. and the volume was made about 
. fS, Jl ^ ^"^ demineralized water. 99.5 g silica gel ("SlO-r. Shokubai Gakkai) was put in the aqueous solution 
5 followal by evaporating to dryness. The matter was dried in air at 1 20 °C for 24 hours, and sintered at 500 for 3 hour^ 
m air. Subsequently, after grading to 20 to 40 mesh, it was treated in hydrogen current at 500 for 3 hours The com- 
position of this matter Pd:Al2O3=0.5:99.5 (weight ratio), y -alumina (-AL0-4". Shokubai Gakkai) graded to 20 to 40 mesh 
was mixed physically with this matter at a ratio by weight of 1 :1 to obtain the catalyst 

10 Examples fin-fid 

Slf K°"^ ^ palladium chloride (PdClz) was dissolved in 5 ml hydrochloric add. and the volume was made about 
500 ml by adding demineralized water. 98.5 g siKca gel rSIO-4-. Shokubai Gakkai) was put in the aqueous solution 
followed by evaporating to dryness. The matter was dried in air at 120 'C for 24 hours, and sintered in air at 500 -C for 
V!^"!!^,^"^^' ^ P"* ^" aqueous solution of 1 .46 g potassium carbonate (KoCO,) dissolved in 

about 500 ml demineralized water, and evaporated to dryness. Then, the matter was dried in air at 120 "C for 24 hours 
fltnTor f r ^^'^"^'^ "^^"^^ Furthermore, after grading to 20 to 40 mesh, it was treated in hydrogen curreni 
J i.?'^ ! matter was PdiKaOiAlgOa-O.Srl.OSS.S (weight ratio), ralumina ("ALO- 

so th^ mS?' *° ^° *° ^ ""^^ physteally with this matter at a ratio by weight of 1 :1 to obtain 

Examples ea^Q 

L°Jl^L ■ ^ prepared according to the same method as Examples 55-59. except that titania (-TI0-4- 

Shokuliai Gakkai) was used instead of silica gel. 

Reaction Methn( ;f 



25 



30 



SIf3'>ifr^T^^ amount of the above catalyst was packed in a stainless steel reaction tube having an inside diam- 
eter of 20 mm A prescribed amount of dimethyl ether and water vapor and/or carbon dioxide were supplied to the reac- 
tion tube, and the reaction was earned out at a prescribed temperature. 

ISlt^^raplJ^ products and unreacted materials obtained by the above operations were analyzed by gas chro- 

Reagtipn C?on ditiQns and Fxperimental Result *. 

[01 54] The reaction conditions and experimental results are shown in Tables 1 8 to 20. 
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Table 18 







E^campieSS 


Etennplr 57 


Etomple 58 




Catalyst 
(weight ratio) 


Pd/SiOj+AljOg 
((0.5:99.51:1001 


09 

a 


Temperature fC) 


350 


400 


450 


400 


400 


inditi( 


HzO/Dimethyi Ether 
(Molar Ratio) 


1 


1 


1 


S 


10 


o 


Space Velocity 


10000 


10000 


10000 


10000 


10000 


c 


DME ConvaaJon Rate 
f%) 


40.6 


81.6 


95.6 


93.7 


97.3 


:eacti( 




Synthesis 
Gas 


22.7 


48.1 


40.2 


81.5 


76.2 


o 
cn 


Yield 


Methanol 


8.5 


3-3 


1.9 . 


0.3 


0.3 


esult 


{%) 


tIyciiocart3QEns 


9.3 


30.2 


53.5 


10.7 


16.4 


0^ 




CO, 


0 


0 


0 


1.2 


4.4 



Table 19 







£xani{de61 


Eicamplc 62 




E^mple 64 


Catalyst 
(weishl ratio) 


Pd-KjO/SiOa+AlaOa 
((0.5: 1.0:98.5): 1001 




c: 


Temperature fC) 


350 


400 


450 


400 


400 


inditi< 


HaO/DfancttxylEthcr 
(Molar Ratio) 


1 


1 


1 


5 


10 


o 


Space Velocity 

(h-^) 


10000 


10000 


10000 


10000 


10000 


eaction 


DME Coxvasioa Rate 
(%1 


28.0 


24.4 


40.9 


48.6 


76.9 




Styntbesis 
Gas 


4.5 


5.6 


8.2 


42.1 


72.7 


esults of R 


"Kcld 


Methanol 


23.5 


18.1 


7.8 


5.5 


2.2 


(%) 


Hyditicaibons 


0 


0.7 


24.9 


0.1 


0.1 


OS 




CO, 


0 


0 


0 


0.4 


1.9 



ss 
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Tabic 20 





E^Gamp!e65 


1 E»BnTip1c:66 


Exaiiq)Ie67 


Example 68 


E>camplc69 




Catalyst 
(weight ratio) 


P 

UC 


d-TiOa+AljOg 
).5:99.5|:100) 




c 

Q 


Temperattire (t;) 


350 


400 


450 


400 


400 


5nditi 


HgO/Dimetiijd Etiicr 
(Molar Ratio) 


1 


1 


1 


5 


10 


O 


Space Velocity 
fh-M 


10000 


10000 


10000 


10000 


10000 


c 

o 


DME( 


ijOzxversion Rate 


23.4 


29.5 


46.8 


69.9 


83.5 


{cacti 




Slynthesis 
Gas 


11.5 


17.4 


15.9 


60.2 


76.6 


o 

CQ 


Yield 


Methanol 


2.8 


8.0 


12.6 


4.6 


1.1 


Jesuit 


(%) 


Hydrocarbons 


5.9 


2.1 


16.8 


1.6 


0.9 






CO2 


3.3 


2.1 


1-4 


3.5 


4.9 
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Examples 70-72 



[0155] 24.8 g nickel nitrate (Ni(N03)2 * SHgO) was dissolved in about 300 ml demineralized water, and furthermore 
95 g y - alumina ("ALO-4". Shokubal Gakkai) was put in the aqueous solution, followed by evaporating to dryness The 
matter was dried in air at 120 for 24 hours, and sintered at 500 for 3 hour in air. Subsequently, it was treated in 
hydrogen current at 500 '^C for 3 hours to obtain the catalyst. 
[0156] The conposition of the obtained catalyst was NI:Al203=5.-95 (weight ratio). 



40 Examples 7a.7f^ 

[0157] 32.1 g nickel nitrate (Ni(N03)2 • 6H2O) was dissolved in about 300 ml demineralized water, and furthermore 
90 g r . alumina C'ALO-4\ Shokubai Gakkai) was put in the aqueous solution, followed by evaporating to dryness The 
matter was dned in air at 120 for 24 hours, and sintered at 500 for 3 hour in air. Subsequently, it was treated in a 
IIIh hydrogen sulfide and hydrogen at a molar ratfo of 1 :1 at 500 for 3 hours to obtain the catalyst 

[0158] The composition of the obtained catalyst was NiS:Al2O3=10:90 (weight ratio). 

Reaction Mefhrv^ 

" 2^ ^2 on^ above catalyst was packed in a stainless steel reaction tube having an inside diam- 

eter of 20 mm. A prescnbed amount of dimethyl ether and water vapor were supplied to the reaction tube, and the reac- 
tion was earned out at a prescribed temperature. 

[0160] The reaction products and unreacted materials obtained by the above operations were analyzed by gas chro- 



matography. 
Reaction Conditions an d Experimental Results 

[0161] The reaction conditions and experimental results are showwi in Tables 21 and 22. 
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Table 21 





ExartqA&TO 


Example 71 


Example 72 


c 


Catalyst (weight ratio) 


Ni-AlaOa 
f5:95l 


1 Conditions 


Temperature CC) 


350 


400 


450 


HjO/Diinethjd Ether 
(Molar Ratio) 


1 


1 


1 


Space Velocity ( h **) 


10000 


10000 


10000 


1 Results of Reaction 


DME Conversion Rate (%) 


31.4 


69.7 


91.0 


Yield 
{%) 


Synthesis Gas 


17.6 


41.8 


57.3 


Methanol 


10.0 


5.6 


0.9 


Hydrocarbons 


3.8 


22.3 


32.8 


CO2 


1.5 


3.2 


4.3 


Table 22 




Etompte73 


Bxan^74 


BxanqdeTS 


Catalyst (weight ratio) 


NiS-AlaOa 
(10:90) 




1 Conditions 


Temperature ("C) 


350 


400 


450 


HjO/Dimethyl Ether 
(Molar Ratio) 


1 


1 


1 


Space Velocity (h *) 


10000 


10000 


10000 


c 


DME Canvexsaon Rate (%) 


36.9 


71.2 


93.5 


Results of Reacti< 


Yield 
(%) 


Synthesis Gas 


27.0 


65.5 


90.7 


Methanol 


9.1 


4.2 


0.1 


Hydrocarbons 


0.8 


1.5 


2-8 




0 


0 


0 
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25 
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40 
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[0162] Using a cathode base plate made of porous lanthanum calcium manganite Lao 7S<^ ssMnO,. a solid electro- 
s ?H JTo^t of stabilized zirconia 8 mol % YgOg-ZrOa was formed on the base plate, and a platinum anode was pro- 
vided on the electrolyte membrane to complete a solid electrolyte-type fuel cell. The fuel cell was operated at 1 000 'C 
and a mixed gas of 4.7 % dimethyl ether. 2.6 % water vapor, the remainder Ar gas was directly supplied to be anode' 
and oxygen wassupplied to the cathode as the oxidizing agent gas. Both electrodes were connected through a galva- 
nostet. and elecfricrty generation characteristics were investigated. As a comparison, hydrogen, which is oidinarilly 
10 iriSi^eT *° '"^^ ^ ""^"^ °^ ^ ""^'"^ 9^*"°" cha^ctSstil^s therecS ^ Z 

IZ^^Jl*^ results are shown in Figure 3. In the figure. ♦ is dimethyl ether (voltage). ■ is hydrogen (voltage). 0 is dime- 
hyl ettier (generated electric power), and □ is hydrogen (generated electric power), respectively. ^ ^' « « 

1«1„ L !!!!? ^ supplying dimethyl ether and water vapor directly to the anode, electricity gener- 

rinr^r ^ ^ "^^ the degree of no problem as a solid electrolyte-type fuel cell, although electric generation effi- 
aency .s slightly inferior to the case of hydrogen. Moreover, problems of electrode deterioration and ttie like did not 
occur. 



occur. 
Example 77 

Swm^ t!^ ^ illustrating an example of the electricity generation method using the dimethyl ether 

reiormed gas of the invention. . 

[0166] In a sintering machine cooler 1 1 . sintered ore was air-cooled, the exhaust gas at 200 to 500 'C generated there 

^J^tTrT. T T'""^" « ^^«"9 ^ material gas^a h^' 

^r^^f ^ ."^ ^ ""^^ ^"^^^ sensible heat of the exhaust gas of the 

dimS^rr V ' • r ''^"^^'^ *° * "^'""^ '^''"^ ' 5 ^P^^*"^- ^ '^'^^ Sas consisting of 

J?ntS„^ steam and ca*on dioxide gas. which has been previously heated by the sintering machine exhaust gas. 

wi?Sp?h^i 11° ^ °* '""^^ ^"^^^ '"^"^^ ^ 5. -me inside of the reaction tubes is pa^ 

^n^n™^ ifn f contacting the mixed gas consisting of dimethyl ether, steam andSrbon 

fiterm J 1"^""^ monoxide and hydrogen is produced. The inside temperature of the 

^!!.^^^'^' *® temperature range of 200 to 500 -C. although it varies according to the type of the cat- 
f£r ^" I '^^"^ co"ta'"s a small amount of unreacted dimethyl ether. However, dimethyl 

oSl^m? '?ho ? ^ff T"^ ^ "^^^"'^''^ ^"^ accordingly, the reformer gas containing dimethyl ether has no 
J 1 ^ combustor 16 for gas turbine. The obtained reformed gas is delivered to the combustor 16 
d2^1If*«lL air for combustion supplied from a compressor 17. The exhaust gas generated in the combustor 16 i^ 
fhl ^- 1*'"® ^ ^ electricity generator 19 to generate electricity. The gas discharged from 

rSLvSi;^"? *° ^ "oiler 20. The steam obtahed in L gas turtSS h^t 

recovering boiler 20 is utilized as process steam in an iron manufacturing factory (not illustrated). 

Generation Examriles 1- 4 and Com p arative Generation Example 

were'Lm^eSlTbt '^"^ gas obtained in a prescribed catalyst example, electricity generation tests 

were camed out by a simple open type gas turbine. 
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Table 23 



5 




Gencratioai 
E^caxnple 1 


Gcneialion 
Example 2 


Gciicidlion 
Ebcample3 


Generatian 
Ebcample4 


Comparative 
Generation 




a 


Reformed Gas 


E2xaniple2 


Ebcample 5 


Example 10 


Ebcamplc27 


Compazatiye 
Reaction 


10 


onditio 


Refbrmed Gas 
Temp, fq 


337 


334 


329 


342 


320 


15 


o 


E?diaustGas 
Temp. (Q 


570 


561 


547 


584 


530 


20 


Results 


Generating 
Efficiency (%) 


44.6 


44.3 


43.6 


45.8 


41.5 



Table 24 





Comparative Reaction 


Catalyst (wt. ratio) 


CuO-ZnO-AliOa 
(30:20:50) 


tn 
C 


Temperature CC) 


360 


inditic 


HaO/Methanol 
(Molar Ratio) 


2 


O 


Space Velocity ( h 


15000 


g 


Methantd Conversian 
Ra£e(%) 


84.2 


fReac 


Yield 
(%) 


Hydrogen 


73.9 


(UltSO 


CO2 


21.5 


& 


CO 


4.6 



SO 

Example 78 

[0168] Figure 5 is a flow sheet illustrating an example of the reducing method of iron ore using the dimethyl ether 
55 reformed gas of the Invention. 

[01 69] Dimethyl ether is previously heated at an heat exchanger 21 by the exhaust gas at 200 to 500 ^^C after reducing 
iron ore, furthernnore, mixed with the exhaust gas comprising mainly steam and cart>on dioxide gas after reducing iron 
ore supplied by a blower 22, and then, delivered to a dimethyl ether reformer 23. At the reformer 23. dimethyl ether 
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10 



reforming catalyst is packed in a plurality of reaction tubes arranged therein, and the exhaust gas after reducing iron ore 
IS introduced to the outside of the reaction tubes for supplying heat for endothermic reaction. By contacting the mixed 
gas consisting of dimethyl ether the exhaust gas after reducing iron ore with the catalyst in the reaction tubes reformed 
gas comprising mainly carbon monoxide and hydrogen is produced. The inside temperature of the reformer 23 is in 
general, in the temperature range of 200 to 500 'C. although it varies accoiding to the type of the catalyst to be packed 
The obtained reformed gas is delivered is a heating furnace 24 to raise its tenperature to 800 to 1000 'C and intro^ 
duced into a reducing furnace 25. At the reducing furnace 25. iron ore is loaded from the upper part and the iron ore 
IS reduced by the reformed gas introduced from the middle bottom part and the reduced iron is discharged from the 
unoer part. 

Reduction gxamnles l-R 



75 



K I i prescribed amount of iron ore pellets or clump ore having a grain diameter of 5 to 10 mm was loaded in a 
shaft-type reduang furnace. The dimethyl ether reformed gas obtained In a prescribed catalyst example was heated to 
a prescribed temperature, and a prescrtoed amount was streamed for a prescribed time to reduce iron ore 



Table 25 



20 






ReducticEi 
E^canqsle 1 


E^{axiq>]e2 


Examples 


j^jj n in inn 

£^iaiiqjle4 


Reduction. 
EbiampieS 


ReducdoD 
Examples 




s «> 


Ore 


PeUet 


Clump 
Ore 


PeUet 


PeUet 


Pellet 


Pellet 


25 


a: tS 

s 


Loaded Amount 
. (kg) 


1 


1 


1 


1 


1 


1 






Reformed Gas 


Catalyst 
E^campleS 


Catalyst 


Catalyst 
Example 10 


Catalyst 


Catalyst 
EbcampleS 


Catalyst 
Examples 


30 


tions 


Reformed Gas 
Flow Rate 

fNm^/W 


4 


4 


3 


6 


5 


3 




[gondii 


Inlet Temp. 

CC) 


900 


900 


850 


950 


850 


950 


35 




Pt^sure 

(atm) 


1 


1 


1 


1 


1 


1 






Time (h) 


3 


3 


2 


3 


2 


3 


40 


Results 


MetalHzBd Rate 
(%) 


92 


92 


94 


93 


91 


91 



45 



SO 



Industrial ADplle^bility 



VI^ * °* invention can obtain hydrogen or synthesis gas in a high yield by reaction dimethyl ether 

and water vapor or carbon dioxide at a low temperature of 150 to 600 -C. The hydrogen obtained in the invention has 
^e applications as various raw materials, and is useful for fuel cell, fuel for electricity generation, reduction of iron ore 



55 Claims 



1 . A catalyst for producing hydrogen gas from a mixed gas comprising dimethyl ether and water vapor or carbon diox- 
ide gas. which comprises copper, iron, cobalt, palladium, iridium, platinum, rhodium, or nickel as an active compo- 
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2. The catalyst as set forth In claim 1 wherein, the active component is copper or iron, the mixed gas comprises dime- 
thyl ether and carbon dioxide gas, and the produced gas is synthetic gas. 

£ 

3. The catalyst as set forth in daim 1 wherein, the active component is cobalt, palladium, iridium, platinum, rhodium 
or nickel, the mixed gas comprises dimethyl ether and water vapor, and the produced gas is synthesis gas. 

4. The catalyst as set forth in claim 1 wherein, the active component is copper or iron, the mixed gas comprises dime- 
10 thyl ether and water vapor, and the produced gas comprises hydrogen as a principal component. 

5. The catalyst as set forth in daim 1 wherein, the active component is cobalt or palladium carried by a metal oxide 
having basicity, and the produced gas is synthesis gas. 

75 6. The catalyst as set forth in daim 1 wherein, the active component is platinum, the mixed gas comprises dimethyl 
ether and water vapor, and the produced gas is synthesis gas. 

7. A method of producing hydrogen gas which comprises contacting a mixed gas comprising dimethyl ether and water 
vapor or carbon dioxide gas with a catalyst as set forth in claim 1 . 

20 

8. A method of producing synthesis gas wherein, the mixed gas comprises dimethyl ether and carbon dioxide gas, 
and the catalyst is as set forth in daim 2. 

9. A method of producing synthesis gas wherein, the mixed gas comprises dimethyl ether and water vapor, and the 
25 catalyst is as set forth in claim 3. 

10. A method of producing water vapor wherein, the mixed gas comprises dimethyl ether and water vapor, and the cat- 
alyst is as set forth in claim 4. 

30 1 1 . A fuel cell using dimethyl ether as the fuel and a catalyst as set forth in claim 1 . 

12- A solid electrolyte-type fuel cell using a mixed gas comprising dimethyl ether and water vapor as fuel gas and a cat- 
alyst as set forth in daim 1 . 

35 13, As electridty generation method using dimethyl ether reformed gas which comprises reforming dimethyl ether to 
produce synthesis gas or hydrogen gas by adding water vapor or carbon dioxide gas to the dimethyl ether and cat- 
alyzing them using a catalyst as set forth in claim 1 . and using the produced gas as a fuel for engine. 

14. The electricity generation method as set forth in daim 13 which comprises reforming dimethyl ether utilizing 
40 medium, low temperature waste heat in the range of 200 to 500 "C. 

15. An electricity generating apparatus which comprises a reformer loaded with a catalyst as set forth in claim 1. a 
combustor for burning the synthesis gas or hydrogen gas. and an electricity generator having gas turbine rotated 
by the combustion exhaust gas generated in the combustor. 

45 

16. A method of manufacturing reduced iron which comprises reforming dimethyl ether to produce synthesis gas or 
hydrogen gas by adding water vapor or carbon dioxide gas to the dimethyl ether and catalyzing them using a cat- 
alyst as set froth in claim 1 . and reducing iron are using the produced gas. 

so 1 7. The method of manufacturing reduced iron as set forth in daim 1 6 wherein the reforming of dimethyl ether is carried 
out using an exhaust gas containing water vapor and cart>on dioxide gas obtained by reducing the iron are. 

18. The method of manufacturing reduced iron as set forth in daim 16 or 1 7 wherein sensible heat of the exhaust gas 
obtained by redudng the iron are is utilized as a heating source of the dimethyl ether reforming. 

55 

19. A manufacturing apparatus of reduced iron which comprises a reformer loaded with a catalyst as set forth In daim 
1 . and a redudng furnace loaded with iron ore. and the reducing furnace being connected with the reformer so that 
synthesis gas or hydrogen gas produced in the reformer is supplied to the redudng furnace. 
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Fig. 1 
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Fig. 3 
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Fig. 4 
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